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Description 

The present invention relates to a cogeneration sys- 
tem and more particularly to a cogeneration system em- 
ploying a Stirling cycle engine for driving an electric gen- 
erator wherein the "waste" heat is used to provide space 
heating or hot water service. 

Cogeneration is a process whereby a consumer in 
need of either hot water and/or heat for a residence or a 
small business, instead of merely burning fuel to produce 
heat, can burn fuel to drive an electric generator and uti- 
lize the cycle heat and the waste heat from the drive 
means, generator and exhaust to produce the needed 
hot water or hot air. The electricity generated can be used 
on site with any surplus electric energy directed to the 
utility's electric grid and sold to the utility. Numerous ef- 
ficiencies can be achieved with such a cogeneration sys- 
tem. 

The second law of thermodynamics states that the 
quality of energy can change only in one direction, ener- 
gy losses its capacity to do useful work, ultimately reach- 
ing the point of zero usefulness. As available work is con- 
sumed, the quality of energy is degraded, however, the 
quantity of energy remains the same. Hence, good en- 
ergy saving practice strives to harness energy of the 
highest quality possible, that is to avoid unwanted deg- 
radation. 

Following the second law of thermodynamics, it is 
wasteful to burn fuels just to obtain low quality energy 
needed for low temperature process heat such as heat- 
ing a residence or a small business or producing hot wa- 
ter. However, by cogeneration of electricity and heat, the 
system efficiency can be greatly increased. By way of 
example, a process of producing both electricity and heat 
independently of one another may result in combined ef- 
ficiency of only 52%. When a cogeneration approach is 
used, the total efficiency can increase to as high as 85%. 
In another example, it is possible to produce high pres- 
sure steam at a temperature of 500°C for a back pres- 
sure turbine where it is converted to mechanical energy 
that drives an electric generator. The steam at the outlet 
of the turbine is at a temperature of 1 50°C to 1 75°C and 
can be used to fulfill many thermal needs. The efficiency 
of this process is greater than the efficiency of a process 
used to produce equal amounts of electricity and process 
heat independent of one another. 

Between 1980 and 1983, approximately 9,000MW 
of cogeneration capacity was installed in the United 
States. Most of these installations are over 200kW in 
size. Studies project the feasibility of a total 68.000MW 
more of cogeneration capacity which is the equivalent 
output of approximately seventy power plants. These rel- 
ative large industrial and commercial cogeneration ap- 
plications are being implemented in large part due to the 
fact that available engines can be economically utilized 
and the market can be met through existing engineering 
technology and the large, relatively steady electric loads 
of the industrial or commercial applications make the 
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economics of cogeneration favorable. 

However, the majority of buildings in the U.S. are 
residential and light commercial, with an estimated ag- 
gregate electric load of about 140.000MW on an annual 
5 average. To date, there has been limited commercial 
success in developing small scale cogeneration equip- 
ment. This results from the difficulty of economically im- 
plementing such applications using currently available 
equipment. The difficulties are both technical and eco- 
10 nomic in nature and include the fact that small building 
loads are highly variable compared to industrial cogen- 
eration applications. This is particularly true in single 
family homes where fluctuations from 0.1 to 0.5kW of 
electric energy occur in seconds and thermal loads are 
?5 weather dependent resulting in seasonal variations. 
These widely varying loads complicate the task of deter- 
mining the design, size, and operational strategies for 
systems having high duty cycles and high overall elec- 
trical and heat recovery efficiency required for econom- 
ical viability. Furthermore, most engines in the 1 - 30kW 
size currently available are designed for only 500 - 2,000 
hours of life before complete overhaul or replacement. 
By contrast, small scale cogeneration requires mainte- 
nance free engines with a life at least ten times longer. 
Most of the cost of maintenance is associated with rou- 
tine servicing which, in small sizes, tends to be dominat- 
ed by high labor costs. 

However, there are certain advantages to small units 
which might overcome many of these barriers. For ex- 
ample, standardized modular packages could eliminate 
the site specific engineering and system design cost of- 
ten associated with the larger applications. The potential 
market in number of units is much larger for small mod- 
ules than for custom engineered larger systems. This 
could result in economics of manufacturing scale which 
could overcome inherent economics of size in individual 
components. Many applications above 30kW might be 
better served by using multiples of smaller modules rath- 
er than a single larger unit in order to reduce vulnerability 
to increased utility demand charges since it is unlikely 
that more than one unit would go down at the same time, 
i.e. only a fraction of generating capacity will be lost with 
the loss of a single module. 

Current small cogeneration systems of 10 to 30kW 
have been tried with a reciprocating internal combustion 
engine without great success. Such a system has many 
drawbacks. These engines have a relative short life. The 
maintenance costs of the engines are high and time con- 
suming. These include lubricating oil changes, spark 
plug changes, etc. Reciprocating internal combustion 
engines are noisy and also produce vibration. The en- 
gine exhaust is high in polluting emissions and half of the 
waste heat is in the exhaust which results in corrosion 
problems due to the nitrous oxides in the exhaust. 

The Stirling cycle engine, however, is well suited for 
cogeneration applications. This is due in part to qualities 
of the Stirling engine such as quiet running, primary heat 
rejection by cooling water, long life, low emissions, and 
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low maintenance. 

Now the invention relates to a cogeneration system 
as described in the pre-characterising part of claim 1. 

It is noted, that from DE-A-2946074 there could be 
derived a system, wherein the exhausted gases of the 5 
Stirling engine are cooled by a heat exchanger forming 
part of a first cooling liquid circuit. 

In the cooling system of the engine there has been 
arranged a further heat exchanger forming part of a fur- 
ther cooling liquid circuit. By means of said cooling liquid 
circuits heat is passed through a further system by which 
energy could be passed for useful purposes. 

EP-A-0268726 describes a cogeneration system 
comprising an engine and a generator driven by said en- 
gine. The engine and the generator are cooled by a cool- 
ing liquid which is circulated through a heat exchanger. 

From EP-A-0343867 there is known a latent heat re- 
covery apparatus including a vessel wherein water is 
supplied and showered at the upper end of said vessel. 
Exhausted gas from a gas engine is introduced into the 
lower end of said vessel to heat the water in direct con- 
tact with the water in order to produce warm water by 
recovering the latent heat of the exhausted gas. 

The invention is characterised by the measures 
mentioned in the characterising part of claim 1 . 

Stirling engines may be powered directly by any 
source of heat such as from solar energy sources, com- 
busted gases, liquid fuels, solid fuels etc. The preferred 
type of Stirling engine for use in small cogeneration sys- 
tems incorporates multiple gas combustors that are in- 
tegrated into the structure of the engine to provide a com- 
pact and efficient energy conversion machine. This sys- 
tem eliminates the requirement of a separate heat pipe 
or other heat transport systems for transferring heat from 
a remote source. Individual combustors are provided for 
each cylinder of a multiple cylinder Stirling engine. 

The output shaft of the Stirling engine is coupled to 
an electric generator to drive the generator. In the pre- 
ferred embodiment, the generator is enclosed in the 
pressure hull of the engine reducing the complexity of 
the drive shaft coupling and seals. The electric power 
generated is consumed on the premises with any surplus 
electric energy being fed to the electric grid and sold to 
the local utility. The engine and generator are cooled by 
cooling water. The water is further heated in a condens- 
ing heat exchanger by the hot engine exhaust gases. 
The hot water is then used for space heating or to provide 
hot water service to the building. For space heating, the 
water can be fed to hot water radiators or used to heat 
air for forced air space heating. 

In other embodiments disclosed below, an air con- 
ditioner can be included with the cogeneration system 
with the electricity produced used to power the air con- 
ditioning compressor. When operating the air condition- 
er, since space heat is not needed, the cooling water is 
routed to a radiator outside of the building for rejection 
of waste heat from the Stirling engine and generator. 

In addition to providing more efficient use of fuels, a 



cogeneration system also reduces C0 2 emissions. Coal 
combustion, often used for producing electric energy at 
a power plant, produces much more C0 2 than natural 
gas combustion that is most often burned for residential 
and light commercial building heating purposes. Thus, 
electricity produced by cogeneration will reduce the 
amount of C0 2 emissions. Furthermore, since the elec- 
tricity can be used at or near its site of production, trans- 
mission line losses can be reduced. This reduces the 
amount of electric power which must be generated, 
thereby reducing the amount of fuel burned and emis- 
sions produced. 

Further objects, features and advantages of the in- 
vention will become apparent from a consideration of the 
following description and the appended claims when tak- 
en in connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a longitudinal, partially cross sectional 
and partially elevational view of a Stirling engine with in- 
tegrated gas combustors and an electric generator in ac- 
cordance with this invention. 

Figure 2 is an enlarged cross sectional view of the 
short circuit valve assembly shown in Figure 1; 

Figure 3 is a schematic view of a hot water cogen- 
eration system; 

Figure 4 is a graph showing electric energy produc- 
tion, hot water production and electric energy efficiency 
of the cogeneration system shown in Figure 3; 

Figure 5 is a schematic of a cogeneration system 
used for producing hot water for space heating; 

Figure 6 is a schematic of cogeneration system for 
use in providing forced air for space heating; and 

Figure 7 is a modification of the cogeneration system 
of Figure 6 in which an air conditioning system has been 
included. 

DETAILED DESCRIPTION OF THE INVENTION 

The Stirling cycle engine used in the cogeneration 
system of this invention is shown in Figure 1 and is gen- 
erally designated by reference numeral 10. Engine 10 
includes four substantially parallel piston cylinders 12 
which are disposed in a square cluster about a central 
axis within drive mechanism housing 1 4. Associated with 
each piston cylinder 12 and located on an end surface 
of drive mechanism housing 1 4 are heat transfer stacks 
15 comprising cooler 16, regenerator 18, and heat ex- 
changer 20. Cooler 16, regenerator 18, and heat ex- 
changer 20 are arranged end-to-end to form a cylindrical 
column. Each heat exchanger 20 communicates with a 
separate piston cylinder 12 by one of four connecting 
ducts 22 each connected to one end of a cylinder 12. 
The other end of each cylinder 1 2 is connected to a cool- 
er 16 of another of the four heat stacks 15 by duct 21 . 

Located within each piston cylinder 12 is a movable 
piston 24 and a connecting rod 26 rigidly fixed thereto. 
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Connecting rods 26 are attached to swashplate 28 to 
convert the reciprocating axial motion of pistons 24 to 
rotary motion of output shaft 30. Output shaft 30 is cou- 
pled to an electric generator 32 to drive the generator. 
Generator 32 is enclosed in the pressure hull 34 of the 
Stirling engine. Pressure hull 34 and drive mechanism 
housing 14 are cooled by water circulating around the 
pressure hull within water jacket 36. 

Heat is inputted to Stirling engine 10 through sepa- 
rate combustor assemblies 40 associated with each of 
the heat exchangers 20. As shown, heat exchangers 20 
are comprised of a plurality of relatively thin and flexible 
tubes 42 through which the working fluid, such as helium 
or hydrogen of Stirling engine 1 0 flows. The working fluid 
flowing through tubes 42 collects at annular manifold 44 
which communicates with connecting duct 22. 

Each combustor assembly 40 includes a combus- 
tion chamber tube 46 which has a plurality of air inlets 
48. A combustible gas is introduced into combustion 
chamber tubes 46 through gas nozzles 50. Air inlets 48 
and gas nozzles 50 are designed to provide a highly tur- 
bulent combustible gas flow within combustion chamber 
tubes 46 which provides for efficient and clean combus- 
tion. Ignition plug 52 is provided to initiate combustion. 

The Stirling engine working fluid within heat ex- 
changer 20 expands due to the heat. This increases the 
pressure in ducts 22 and cylinder 12 to force piston 24 
toward swashplate 28. As the pistons move, they dis- 
place working fluid from coolers 1 6 through regenerators 
18 to heat exchanger 20 in an adjacent heat transfer 
stack 1 5. 

Heat exchanger wall 54 surrounds engine 10 and 
serves to confine hot gases from combustion chamber 
tubes 46 within exchangers 20. Radially outside of wall 
54 are counterflow heat exchangers 56. As shown by the 
phantom line arrows 57, exhaust gases are permitted to 
flow through heat exchangers 56 and escape between 
walls 54 and 58. Inlet air also passes through heat ex- 
changers 56 from air inlet 60 formed between annular 
walls 58 and 62 as shown by full line arrows 63. The 
counterflow heat exchangers 56 thus serve as a preheat- 
er to heat inlet air with the hot exhaust gases to provide 
enhanced thermal efficiency of engine 1 0. The region be- 
tween wall 62 and outer housing 64 is packed with a ther- 
mal insulating material 66. From the heat exchangers 56 
the exhaust gases are collected in a manifold and direct- 
ed to a condensing heat exchangers where the heat is 
transferred to the engine cooling water. The cooled ex- 
haust gases are then exhausted from the building in 
which the cogeneration system is installed. This will be 
described in greater detail below. 

The requirements for space heating in small com- 
mercial and residential buildings are highly variable de- 
pending upon the weather and the building occupancy. 
In order to more readily accommodate sudden demands 
for increased heat, the Stirling engine is provided with 
an exhaust bypass valve 80 to direct the hot combustion 
gases directly to the condensing heat exchanger without 



first preheating the intake combustion air. Bypass valve 
80 is disposed in exhaust outlet 82. When valve 80 is 
opened, hot exhaust gases from heat exchangers 20 
flow through exhaust outlet 82 as indicated by the phan- 
5 torn line arrows 84. 

By diverting the hot combustion gases directly to the 
condensing heat exchanger rather than directing the 
gases first through the counterflow heat exchangers 56, 
additional heat is provided to the engine cooling water 
10 for space heating. By so doing, the incoming combustion 
air is at a lower temperature. In order to maintain the heat 
exchangers 20 at the same temperature, more fuel is re- 
quired. As a result, the overall system efficiency is re- 
duced in exchange for producing more heat. By-pass 
is valve 80 can be regulated at any position between fully 
open and fully closed to regulate the heat supplied to the 
water depending on the heat demand. 

Swashplate housing 36 contains lubricating oil for 
the swashplate and drive mechanism. The lubricating oil 
20 is sealed from the piston cylinders 1 2 by cap seal assem- 
blies 68 at the end of the piston cylinders 12. Oil pump 
module 70 houses a lubrication oil pump that is directly 
driven by the engine shaft. Internal passages direct the 
oil to galleries to provide lubrication of the drive mecha- 
25 nism moving parts. 

Stirling engine 10 is started by operating generator 
32 as a motor to drive engine shaft 30. To reduce the 
starting torque caused by gas compression, Stirling en- 
gine 10 includes a short circuit valve assembly 76 which 
30 is used to connect the lower portions 78 of piston cylin- 
ders 1 2 with one another. With the cylinders connected, 
as pistons 24 are moved, there is no compression of the 
working gas. Details of short circuit valve assembly 76 
are shown in the enlarged view of Figure 2. 
35 Valve assembly 76 includes valve seat housing 88 
through which passes four conduits 90 leading to lower 
portion 78 of each cylinder 12. The conduits 90 intersect 
one another at the center of valve seat housing 88. 
O-ring seals 92 around conduits 90 seal the juncture of 
40 valve seat housing 88 with drive mechanism housing 1 4 
to prevent loss of the Stirling engine working gas. Valve 
member 94 is shown in the seated position in which valve 
member 94 closes the intersection of the conduits 90 to 
separate each cylinder 12 from one another. After the 
45 engine has been warmed to from one another. After the 
engine has been warmed to operating temperature, 
valve member 94 is held in the closed position by lubri- 
cating oil in chamber 96 from oil passage 98. When the 
engine is turned off and the oil pressure is reduced, 
so spring 100 moves valve member 94 against valve sup- 
port 102 to open conduits 90 until the engine is started 
again. Spring 100 has a spring rate so that engine 10 will 
be heated to operating temperature when the oil pres- 
sure in chamber 96 is sufficient to close valve 76. 
55 When engine 10 is being started, the lubricating oil 
pressure gradually builds up until it is sufficient to move 
member 94 to close conduits 90. During this time, fuel is 
being burned in combustors 40 to warm the engine to 
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operating temperatures. When operating temperatures 
have been reached, the lubricating oil pressure forces 
valve member 94 downward to close conduits 90. Pis- 
tons 24 then begin to compress and displace the working 
fluid to operate the Stirling engine. 

Coolers 16 include a plurality of cooling tubes (not 
shown) similar to tubes 42 in heaters 20, through which 
the engine working fluid passes. The cooling tubes are 
connected to the lower portion 78 of a cylinder 12 by 
ducts 21. Engine cooling water circulates through cool- 
ers 16 around pipes 43 to remove heat from the working 
fluid. Cooling water enters the engine and generator 
through fitting 35 in water jacket 36. 

Figure 3 shows a schematic of a cogeneration sys- 
tem 110 according to the present invention used to pro- 
duce hot water. The exhaust gases from engine 1 0 are 
directed through exhaust pipe 122, condensing heat ex- 
changer 1 1 8 and to a chimney or other outlet. The engine 
and generator 32 are cooled by a cooling liquid, in this 
case water, which enters the engine and generator 
through inlet 123. The water is warmed by the engine 
and generator and leaves the engine through pipe 124. 
The water is further heated in heat exchanger 1 1 8 by the 
engine exhaust gases. Once heated, the water flows 
through pipe 1 26 to storage tank 1 28 for use as hot water 
when needed. 

In cogeneration system 110, Stirling engine 10 is op- 
erated with a mean temperature of heat exchangers 20 
of 800° C. The coolers 1 6 are maintained at a mean tem- 
perature of 80°C. The engine size is determined such 
that the "waste" heat from the Stirling cycle, friction, gen- 
erator and exhaust is sufficient to provide the needed 
heat under peak conditions. A single size engine can be 
used in a standard cogeneration package with the en- 
gine working fluid mean pressure set at different values 
to vary the heat output depending on heating need. 

The efficiency of cogeneration system 1 1 0 is shown 
by the following example. Studies indicate that a small 
commercial building, such as a modest restaurant, 
needs about 19305 I (5100 gallons) of hot water per day 
with a temperature rise of 29°C (85° F). This requires a 
heat input of 42kW thermal. Calculations have been 
made using a Stirling engine such as engine 10 shown 
in Figure 1 having four cylinders, each with a 120cm 3 
swept volume. The following parameters were kept con- 
stant: 

Shaft speed = 1850rpm. 

Temperature of heater tubes 42, T h = 800° C. 

Temperature of cooler tubes 43, T c = 80°C 

Burner efficiency with intake air preheater, i.e. with 
by-pass 80 closed, n br = 0.85 

Burner efficiency without preheater, i.e. by-pass 
valve 80 open, n br = 0.5 



Generator 32 efficiency n gen = 0.92 
Engine working medium is Helium. 

5 The energy efficiency is defined as the obtained 
electric energy divided by the extra energy (as fuel) 
needed above the amount of energy for producing the 
same quantity of hot water with a conventional boiler. 
Calculations were performed with an average cooling 

10 water temperature of 80° C exiting from the coolers 16. 
With a mean working fluid pressure of p = 12Mpa, the 
following results are produced: 

Shaft power, P 6h = 21.8kW. 

15 

Electric power, P e = 20.0kW 

Heat input to heater tubes 42, Q e = 58.67kW th 

20 Heat rejected from Stirling engine cycle, Q c = 
33.70kW th 

Engine friction losses, Q f = 3.17kW th 
25 Generator Losses, Q gen = 1 .74kW th 

The total energy to the engine cooling water: 

Qhwl = Qc + Q f + Q gen 

30 

Q hwl = 33.70 + 3.17 + 1.74 = 38.6kW th . 

Further heat is supplied to the water from the com- 
bustion gases through the condensing heat exchanger. 
35 The total heat in fuel delivered to the system, Q tol = heat 
input in heater tubes, Q e divided by the burner efficiency, 
n br . With the preheater: 



40 The combustion gases will contain the fuel heat not 
delivered to the heater tubes, i.e. 15% of Q tot = 
10.35kW th . Assuming the condensing heat exchanger 
has an efficiency of 85%, an additional 8.8kW th is deliv- 
ered to the hot water in the heat exchanger. The total 

45 heat to the water, Q hwtot is Q hw , + (.85 X Q tot ) which is: 

Qhwtot = 38 " 6+8 - 8 = 47 - 4kW th 

This is more than sufficient to meet the building need 
of 42kW th . 

so To produce 47.4kW th hot water with a conventional 
boiler having a 92% efficiency would require: 

^|kW th infuelor51.54kW th 

With cogeneration, 17.46kW th in fuel (69.0 - 51.54 
55 = 1 7.46) was added to produce 20kW electric. The com- 
parison energy efficiently is: 
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X 100 = 



fuel 



20 
17.40 



X 100 = 114.5% 



When additional hot water is needed, preheater 
by-pass valve 82 is opened and the burner efficiency 
drops to 50%. To produce the same Q hw1 of 38.6kW, h 
as before: 

The total heat to the hot water is now: 

q -5a67 = 58|7 = 117 .34kW th . 
tot n br 0.5 lh 

The heat added to the water in the condensing heat 
exchanger is now: 

Q hw2 = 0.85 X 0.5 X 1 1 7.34kW th = 49.86kW th 
The total heat to the hot water is now: 

Q hwtot = 386 + 4986 = 88.5kW |h . 

A gas boiler having the same capacity with an effi- 
ciency of 92% would require: 

^ = 96.16kW th in fuel. 
0.92 th 

With cogeneration, an additional 21.18kW th is used 
(117.34 - 96.16 = 21.18) to generate 20kW electric re- 
sulting in a comparison efficiency of 94%. 

Figure 4 is a graph showing the electric energy, hot 
water heat and energy efficiency for various mean pres- 
sures of the engine working gas. The electric energy pro- 
duced is shown by line 202. Electric energy output in- 
creases with increased mean pressure. Solid line 204 
represents the thermal energy delivered to the hot water 
with by-pass valve 80 closed i.e. with the intake air being 
preheated. When extra hot water is needed, by-pass 
valve 80 is opened and the energy delivered to the hot 
water increases, as shown by broken line 206. Solid line 
208 represents the efficiency of electric energy produc- 
tion with by-pass valve 80 closed while broken line 210 
represents the electric energy production efficiency with 
valve 80 open. With the by-pass value open, the heat to 
the hot water is increased while the efficiency is de- 
creased. 

Figure 5 illustrates a cogeneration system 1 1 2 which 
is similar to system 1 1 0. System 1 1 2 is used to produce 
hot water for space heating. System 112 eliminates wa- 
ter storage tank 128 and instead, directs the hot water 
from heat exchanger outlet pipe 126 to water fed radia- 
tors (not shown) for space heating. Cold water is re- 
turned from the radiators to engine 10 by cold water re- 
turn pipe 1 32. 

Figure 6 illustrates cogeneration system 114 in 
which the hot water is used to heat air for forced air space 
heating. Outlet pipe 1 26 directs the hot water to a water 
to air heat exchanger 133. Heat exchanger 133 is dis- 
posed in an air outlet duct 1 35 from blower 1 37. Blower 
inlet duct 139 supplies fresh air and/or cold return air 
form the space being heated. Air from the blower passes 
through heat exchanger 133 to warm the air for space 
heating. The water, once cooled in heat exchanger 1 33, 



returns to engine 10 through pipe 141 . 

System 1 1 4 can be modified as shown by cogenera- 
tion system 1 1 6 in Figure 7 to include air conditioning for 
use during the summer. In system 116, during winter, 

5 when space heating is required, the system functions 
identically to cogeneration system 1 1 4 described with re- 
spect to Figure 6. A one way check valve 1 72 is included 
in pipe 126 to ensure proper flow direction in the pipe. 
For air conditioning, an air conditioning compressor 150 

10 is installed outside of the building in which the Stirling 
engine, generator and air blower are installed. A refrig- 
erant, typically Freon, is conveyed from compressor 1 50 
through conduit 152 to a refrigerant heat exchanger 154 
in the blower outlet duct 1 35. The refrigerant is returned 

15 through conduit 1 56 to compressor 1 50. Heat exchanger 
154 is thus used to cool air from blower 137 to provide 
cool air for air conditioning. 

During air conditioning, space heating is not needed 
and waste heat must be removed from the engine and 

20 generator. Valve 156 in water pipe 124 is used to direct 
cooling water to radiator 1 60 located outside of the build- 
ing through pipe 162. Return pipe 164 directs the water 
back to return pipe 141 through valve 158. Radiator 160 
is used to remove heat from the engine coolant water 

2S and is cooled by a fan 1 66 driven by electric motor 1 68. 
Preferably, compressor 1 50 and motor 1 68 are powered 
by electricity produced by generator 32. Any excess 
electric energy is directed to the power grid and sold to 
the utility company. A coolant reservoir 170 is used to 

30 store coolant which has evaporated from condensing 
heat exchanger 118 by the combustion gases from Stir- 
ling engine 10. 

During air conditioning, because the heat generated 
by engine 10 is waste heat, the system efficiency is not 

3S as great as when the cogeneration system is used for 
space heating. However, electricity demand peaks dur- 
ing summer due to the operation of air conditioners. The 
excess electricity produced by generator 32 can be effi- 
ciently utilized close to the site of its production. 

40 Different strategies can be used for siting the cogen- 
eration system to a building. One strategy is to operate 
the system at a constant power output selling excess 
electricity to the utility and using the heat as needed. Ex- 
cess heat is dumped while cycling losses and partial load 

45 operating losses are low. Another strategy follows the 
electric load of the building with no sale back to the utility. 
The system is often operated at partial loads and con- 
siderable heat is dumped. A third strategy, which cogen- 
eration systems for small buildings normally use, follows 

so the thermal load of the building either for hot water or 
space heat or both. When used for space heating the 
system is controlled off the house thermostat like a con- 
ventional furnace. Excess electricity is sold back to the 
utility. The cogeneration system of this invention may be 

55 best used as a furnace to supply necessary space heat- 
ing based on the building thermal needs. Other sizing 
strategies are also possible. 

The cogeneration system of the present invention, 
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utilizing a Stirling cycle engine, provides numerous ad- 
vantages over the currently used large scale cogenera- 
tion systems employing reciprocating internal combus- 
tion engines. The Stirling engine when used in a small 
cogeneration system for use in small commercial or res- 
idential buildings has a much lower maintenance cost, a 
longer life, quieter operation and fewer emissions than 
a reciprocating internal combustion engine. This makes 
the Stirling engine much more attractive for use in a small 
cogeneration system. 

In a cogeneration system, the Stirling engine is used 
to power an electric generator for production of electric 
energy. "Waste" heat from the engine and generator is 
used to provide hot water and/or space heating for the 
building, resulting in efficient use of fuel. In certain oper- 
ating conditions, the amount of extra fuel used in a co- 
generation system to produce both electricity and heat, 
as compared to the fuel required for producing an equiv- 
alent amount of heat, is less than the electric energy pro- 
duced resulting in a comparison fuel efficiency of over 
100% for the production of electricity. Cogeneration is 
further advantageous in that the electric energy may be 
used close to the point of production such that the trans- 
mission line losses are reduced, resulting in less electric 
energy being produced and thereby less fuel consumed. 
Furthermore, the fuel most often burned in small com- 
mercial and residential buildings is natural gas which 
produces less C0 2 then a coal fired electric generating 
plant. 



Claims 

1. A cogeneration system for producing process heat 
for useful purposes and electric energy, comprising: 

an electric generator (32); 

a Stirling cycle engine (10) having an output 

shaft operatively coupled to said generator (32) 

for driving said generator (32), said engine (10) 

including at least one internal fuel combustor 

(40); 

means (123) for circulating a cooling liquid 
about said engine ( 1 0) to extract heat therefrom; 
an exhaust system (122) coupled with said 
engine (10) for exhausting combustion gases 
from said engine, said exhaust system including 
a heat exchanger (118) for cooling said combus- 
tion gases; 

means (1 24) for directing a cooling liquid around 
said heat exchanger (1 1 8) to extract heat there- 
from; and 

means (126, 128) for directing heated cooling 
liquid for useful purposes, characterised in that 
the means for circulating the cooling liquid about 
said engine also cirulates said cooling liquid 
about said generator (33) to extract heat there- 
from and around the heat exchanger of said 



exhaust system to extract heat therefrom, said 
heat exchanger being a condensing heat 
exchanger (118) for cooling said combustion 
gases below the condensing temperature of the 
5 water vapor in the exhaust gases. 

2. The cogeneration system of claim 1 , wherein said 
engine (1 0) includes a housing (34) and said electric 
generator (32) is disposed within said housing (34). 

10 

3. The cogeneration system of claim 1 or 2, wherein 
said engine (10) includes a counterflow heat 
exchanger (56) through which said exhaust gases 
flow between said fuel combustors (40) and said 

is condensing heat exchanger (118) and through 
which incoming combustion air flows so as to pre- 
heat said incoming combustion air. 

4. The cogeneration system of any preceding claim, 
20 wherein said engine exhaust system includes 

means (80, 82) for bypassing said counterflow heat 
exchanger (56) to direct said combustion gases from 
said combustors (40) directly to said condensing 
heat exchanger (118); 
25 and wherein said bypass means includes 

valve means (80) for regulating the flow of combus- 
tion gases through said bypass means. 

5. The cogeneration system of any preceding claim, 
30 wherein said generator (32) can be operated as a 

motor to rotate the output shaft (30) of said engine 
(10) during starting of said engine. 

6. The cogeneration system of claim 5, wherein said 
35 engine (10) further comprises a plurality of cylinders 

(1 2) each containing a piston (24) and a working fluid 
for said Stirling cycle engine; and 

means (78) selectively operable for providing 
fluid communication between said cylinders (12) so 
40 that movement of said pistons (24) in said cylinders 
(12) does not cause compression of said working 
fluid whereby the torque required to rotate said out- 
put shaft during engine starting is reduced. 

45 7. The cogeneration system of any preceding claim, 
wherein said cooling liquid is water. 

8. The cogeneration system of claim 7, wherein said 
cooling liquid directing means includes a storage 

50 tank (1 28) for storing said water for later use as hot 
water. 

9. The cogeneration system of any preceding claim, 
wherein said cooling liquid directing means includes 

55 closed loop means ( 1 26, 1 32) for conveying said liq- 
uid to a space for heating said space and returning 
said liquid to said engine (10). 
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1 0. The cogeneration system of any preceding claim 1 -8 
further comprising: 

blower means (1 37) for forcing air to a space to 
be heated and for drawing cool air for said 
space; and 

said liquid directing means including a liquid to 
air heat exchanger (133) around which said 
blower (1 37) forces said air to extract heat from 
said liquid to heat said air. 

11. The cogeneration system of claim 10 wherein: 

said cooling liquid directing means (1 24) further 
includes valve means (156) for selectively 
directing said liquid to radiator means (160) for 
rejecting heat from said system rather than 
directing said liquid to said heat exchanger 
(133); and 

means (154) are provided for cooling said air 
forced from said blower means (137). 

12. The cogeneration system of claim 11, wherein said 
cooling means includes a compressor (150) for a 
refrigerant, a cooling heat exchanger (1 54) disposed 
in the flow of air forced from said blower means 
(137), and means (152, 156) for circulating said 
refrigerant from said compressor (1 50) to said cool- 
ing heat exchanger (154) and returning said refrig- 
erant to said compressor ( 1 50) so that said ai r forced 
from said blower (1 37) is cooled by said refrigerant. 

1 3. The cogeneration system of any preceding claim fur- 
ther comprising means for using said cooling liquid 
for space heating. 

14. The cogeneration system of any preceding claim, 
wherein said cooling liquid is water and said water 
is used as hot water. 

15. The cogeneration system of any prececing claim, 
wherein said cooling liquid, when exiting said engine 
(10) has a mean temperature of approximately 
80°C. 

16. The cogeneration system of any preceding claim, 
wherein said engine (10) further includes at least 
one heat transfer stack (15) including a cooler (16), 
a regenerator (18) and a heat exchanger (20), and 
said internal fuel combustor (40), wherein said fuel 
combustor (40) is operable for heating said heat 
exchanger (20), a working gas within said heat 
transfer stack (15), means for displacing said gas 
between said heat exchanger (20) and cooler (16) 
through said regenerator (1 8) and means for cooling 
said cooler to maintain temperatur differential 
between said cooler (16) and heat exchanger (20) 
for operation of said Stirling engine (10). 



PatentansprGche 

1. System zur gemeinsamen Erzeugung von 
ProzeBwarme fur geeignete Zwecke und von elek- 

5 trischer Energie mit 

einem elektrischen Generator (32); 
einer Stirlingmaschine (10) mit einer Ausgangs- 
welle, die zum Antrieb des Generators (32) mit 
w diesem gekoppelt ist und mindestens einen 

Brenner (40) zum Verbrennen von Brennstoff 
aufweist; 

Einrichtungen (123) zum Umwalzen einer Kuhl- 
flussigkeit urn die Maschine (10), urn hiervon 

is Warme abzuziehen; 

einem mit der Maschine (10) gekoppelten 
Abzugssystem (122) zum Abziehen von Ver- 
brennungsgasen von der Maschine, das einen 
Warmetauscher (118) zum Kuhlen der Verbren- 

20 nungsgase aufweist; 

Einrichtungen (124) zum Leiten einer Kuhlflus- 
sigkeit urn den Warmetauscher (118), urn hier- 
von Warme abzuziehen; und Einrichtungen 
(126, 128) zum Ableiten der erhitzten Kuhlflus- 

25 sigkeit fur geeignete Zwecke, dadurch gekenn- 

zeichnet, daG die Einrichtungen zum Umwalzen 
der Kuhlflussigkeit urn die Maschine die Kuhl- 
flussigkeit auch urn den Generator (33) zum 
Abziehen von Warme hiervon und urn den War- 

30 metauscherdes Abzugssystems zum Abziehen 

von Warme hiervon umwalzen und daG der 
Warmetauscher ein Kondensationswarmetau- 
scher (118) zum Kuhlen der Verbrennungsgase 
unter die Kondensationstemperatur des Was- 

35 serdampfes in den abgezogenen Gasen ist. 

2. System nach Anspruch 1, bei dem die Maschine 
(10) ein Gehause (34) aufweist und der elektrische 
Generator (32) innerhalb des Gehauses (34) ange- 

40 ordnet ist. 

3. System nach Anspruch 1 oder 2, bei dem die 
Maschine (10) einen Gegenstromwarmetauscher 
(56) aufweist, durch den die abgezogenen Gase 

45 zwischen den Brennern (40) und dem Kondensati- 
onswarmetauscher (118) stromen und durch den 
eindringende Verbrennungsluft so strdmt, daG sie 
vorerhitzt wird. 

50 4. System nach einem dervorangehenden Anspruche, 
bei dem das Abzugssystem der Maschine Einrich- 
tungen (80, 82) zum Umgehen des Gegenstromwar- 
metauschers (56) aufweist, urn die Verbrennungs- 
gase von den Brennern (40) direkt zum Kondensa- 

55 tionswarmetauscher (118) zu leiten, und bei dem 
Umgehungseinrichtungen Ventileinrichtungen (80) 
zum Regeln des Durchflusses der Verbrennungs- 
gase durch die Umgehungseinrichtungen aufwei- 
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sen. 

5. System nach einem dervorangehenden AnsprQche, 
bei dem der Generator (32) als Motor betrieben wer- 
den kann, urn die Ausgangswelle (30) der Maschine 
(10) wahrend des Startens der Maschine zu drehen. 

6. System nach Anspruch 5, bei dem die Maschine 
(10) des weiteren eine Vielzahl von Zylindern (12) 
umfaGt, die jeweils einen Kolben (24) und ein 
Arbeitsmittel fur die Stirlingmaschine enthalten, und 
bei dem Einrichtungen (78) wahlweise betatigbar 
sind, urn eine Stromungsmittelverbindungzwischen 
den Zylindern (1 2) vorzusehen, so daG eine Bewe- 
gung der Kolben (24) in den Zylindern (12) keine 
Kompression des Arbeitsmittels bewirkt, wodurch 
das zum Drehen der Ausgangswelle wahrend des 
Startens der Maschine erforderliche Drehmoment 
reduziert wird. 

7. System nach einem der vorangehenden Anspruche, 
bei dem die Kuhlflussigkeit Wasser ist. 

8. System nach Anspruch 7, bei dem die Ableiteinrich- 
tungen fur die Kuhlflussigkeit einen Speichertank 
(128) zum Speichern des Wassers fur einen spate- 
ren Einsatz als HeiGwasser aufweisen. 

9. System nach einem der vorangehenden Anspruche, 
bei dem die Ableiteinrichtungen fur die Kuhlflussig- 
keit Einrichtungen (126, 132) in Form eines 
geschlossenen Kreises zum Fordern der Flussigkeit 
zu einem Raum zur Erhitzung desselben und zum 
Ruckfuhren der Flussigkeit zur Maschine (10) 
umfassen. 

10. System nach einem der Anspruche 1 bis 8, das des 
weiteren umfaGt: 

Geblaseinrichtungen (137) zum Blasen von 
Luft in einen zu erhitzenden Raum und zum Abzie- 
hen von kalter Luft von dem Raum, wobei die Ableit- 
einrichtungen fur die Flussigkeit einen Flussig- 
keits/Luft- Warmetauscher (133) umfassen, urn den 
das Geblase (1 37) die Luft blast, um Warme aus der 
Flussigkeit abzuziehen und die Luft zu erhitzen. 

11. System nach Anspruch 10, bei dem die Ableitein- 
richtungen (1 24) fur die Kuhlflussigkeit des weiteren 
Ventileinrichtungen (156) zum wahlweisen Leiten 
der Flussigkeit zu Radiatoreinrichtungen (160) 
umfassen, um die Flussigkeit nicht zum Warmetau- 
scher (133) zu leiten, sondern statt dessen Warme 
vom System abzugeben, und Einrichtungen (154) 
zum Kuhlen der von den Geblaseeinrichtungen 
(137) abgeblasenen Luft vorgesehen sind. 

12. System nach Anspruch 11 , bei dem die Kuhleinrich- 
tungen einen Kompressor (150) fur ein Kaltemittel, 



einen kuhlenden Warmetauscher (154), der im 
Strom der von den Geblaseeinrichtungen (137) 
abgeblasenen Luft angeordnet ist, und 
Einrichtungen (152, 156) zum Umwalzen des Kalte- 
5 mittels vom Kompressor (1 50) zum kuhlenden War- 
metauscher (1 54) und zum Zuruckf uhren des Kalte- 
mittels zum Kompressor (150), so daG die vom 
Geblase (137) abgeblasene Luft vom Kaltemittel 
gekuhlt wird, umfassen. 

10 

1 3. System nach einem dervorangehenden Anspruche, 
das des weiteren Einrichtungen zum Verwenden der 
Kuhlflussigkeit zur Raumerhitzung aufweist. 

is 14. System nach einem dervorangehenden Anspruche, 
bei dem die Kuhlflussigkeit Wasser ist und das Was- 
ser als HeiGwasser verwendet wird. 

1 5. System nach einem der vorangehenden Anspruche, 
20 bei dem die Kuhlflussigkeit beim Verlassen der 

Maschine (10) eine mittlere Temperatur von etwa 
80°Cbesitzt. 

1 6. System nach einem dervorangehenden Anspruche, 
25 bei dem die Maschine (1 0) des weiteren mindestens 

eine Anordnung (15) zur Warmeubertragung mit 
einem Kuhler (16), einem Regenerator (18) und 
einem Warmetauscher (20) sowie dem Brenner 
(40), wobei der Brenner (40) den Warmetauscher 

30 (20) erhitzen kann, ein Arbeitsgas innerhalb der 
Warmeubertragungsanordnung (15), Einrichtungen 
zum Verdrangen des Gases zwischen dem Warme- 
tauscher (20) und dem Kuhler (1 6) durch den Rege- 
nerator (18) und Einrichtungen zum Kuhlen des 

35 Kuhlers umfaGt, um eine Temperaturdifferenz zwi- 
schen dem Kuhler (16) und dem Warmetauscher 
(20) zum Betreiben der Stirlingmaschine (10) auf- 
rechtzuerhalten. 

40 

Revendications 

1. Systeme de production simultanee de chaleur de 
traitement destined a des applications utiles et 
45 d'Snergie electrique, comprenant : 

une generatrice electrique (32), 
un moteur (1 0) a cycle de Stirling ayant un arbre 
de sortie couple a la generatrice (32) afin qu'il 
50 entraine cette generatrice (32), le moteur (10) 

ayant au moins un organe (40) de combustion 
interne de combustible, 

un dispositif (1 23) de circulation d'un liquide de 
refroidissement autour du moteur (10) pour 
55 ('extraction de la chaleur de celui-ci, 

un circuit d'echappement (122) couple au 
moteur (10) et destine a evacuer les gaz de 
combustion du moteur, le circuit d'echappement 
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comprenant un echangeur de chaleur (118) 
destine a refroidir les gaz de combustion, 
un dispositif (1 24) destine a diriger un liquids de 
refroidissement autour de I'echangeur de cha- 
leur (118) pour en extraire de la chaleur, et 
un dispositif (126, 128) destine" a diriger le 
liquide de refroidissement qui a ete rechauffe 
pour une application utile, caracterise en ce que 
le dispositif de circulation du liquide de refroidis- 
sement autour du moteur fait aussi circuler le 
liquide de refroidissement autour de la genera- 
trice (33) pour en extraire de la chaleur et autour 
de I'echangeur de chaleur du circuit d'echappe- 
ment pour en extraire de la chaleur, I'echangeur 
de chaleur etant un echangeur de chaleur a 
condensation (1 1 8) destine" a refroidir les gaz de 
combustion au-dessous de la temperature de 
condensation de la vapeur d'eau dans les gaz 
d'echappement. 

2. Systeme de production simultanee selon la reven- 
dication 1, dans lequel le moteur (10) possede un 
boitier (34), et la ge>i6ratrice electrique (32) est dis- 
posed a I'interieur du boitier (34). 

3. Systeme de production simultanee selon la reven- 
dication 1 ou 2, dans lequel le moteur (1 0) comporte 
un echangeur de chaleur (56) a contre-courant dans 
lequel circulent les gaz d'echappement entre les 
organes (40) de combustion et I'echangeur de cha- 
leur a condensation (1 1 8) et dans lequel circule I'air 
entrant de combustion afin que celui-ci soit pre- 
chauffe. 

4. Systeme de production simultanee selon Tune quel- 
conque des revendications precedentes, dans 
lequel le circuit d'echappement du moteur comporte 
un dispositif (80, 82) de mise en derivation de 
I'echangeur de chaleur (56) a contre-courant afin 
que les gaz de combustion provenant des organes 
(40) de combustion soient directement diriges dans 
I'echangeur de chaleur a condensation (118), et 

le dispositif de mise en derivation comporte 
une soupape (80) de regulation du debit de gaz de 
combustion dans le dispositif de mise en derivation. 

5. Systeme de production simultanee selon Tune quel- 
conque des revendications precedentes, dans 
lequel la g6neratrice (32) peutfonctionner en moteur 
pour entraTner en rotation I'arbre de sortie (30) du 
moteur (10) lors du lancement de celui-ci. 

6. Systeme de production simultanee selon la reven- 
dication 5, dans lequel le moteur (10) comporte en 
outre plusieurs cylindres (12) qui contiennent cha- 
cun un piston (24) et un fluide de travail destine au 
moteur a cycle de Stirling, et 

un dispositif (78) assurant selectivement la 



communication du fluide entre les cylindres (1 2) afin 
que le deplacement des pistons (24) dans les cylin- 
dres (12) ne provoque pas une compression du 
fluide de travail si bien que le couple necessaire pour 
5 I'entraTnement en rotation de I'arbre de sortie pen- 
dant le lancement du moteur est reduit. 

7. Systeme de production simultanee selon I'une quel- 
conque des revendications precedentes, dans 

70 lequel le liquide de refroidissement est I'eau. 

8. Systeme de production simultanee selon la reven- 
dication 7, dans lequel le dispositif destine a diriger 
le liquide de refroidissement comporte un reservoir 

15 (128) de stockage de Peau afin qu'elle soit utilises 
ulterieurement comme eau chaude. 

9. Systeme de production simultanee selon I'une quel- 
conque des revendications precedentes, dans 

20 lequel le dispositif destine a diriger le liquide de 
refroidissement comprend un dispositif (126, 132) 
en boucle fermee destine a transporter le liquide 
vers un espace de chauffage dudit espace et a 
ramener le liquide au moteur (10). 

25 

1 0. Systeme de production simultanee selon Tune quel- 
conque des revendications precedentes 1 a 8, com- 
prenant en outre : 

30 un ventilateur (137) destine a fairs circuler a 

force I'air vers un espace a chauffer et a aspirer 
Pair froid de cet espace, et 
le dispositif destine a diriger le liquide comprend 
un echangeur de chaleur liquide-air (133) 

35 autour duquel le ventilateur (1 37) fait circuler a 

force de I'air pour extraire la chaleur du liquide 
et pour le chauffage de I'air. 

11. Systeme de production simultanee selon la reven- 
40 dication 10, dans lequel : 

le dispositif (124) destine a diriger le liquide de 
refroidissement comporte en outre une sou- 
pape (156) destin6e a diriger selectivement le 
45 liquide vers un radiateur (160) destine a rejeter 

la chaleur du systeme plutdt qu'a diriger le 
liquide vers I'echangeur de chaleur (1 33), et 
un dispositif (154) est destine a refroidir I'air 
chasse a force par le ventilateur (1 37). 

50 

12. Systeme de production simultanee selon la reven- 
dication 1 1 , dans lequel le dispositif de refroidisse- 
ment comporte un compresseur (150) d'un fluide 
refrigerant, un echangeur de chaleur (1 54) de ref roi- 

55 dissement dispose dans le courant d'air force du 
ventilateur (137), et un dispositif (152, 156) destine 
a faire circuler le fluide refrigerant du compresseur 
(1 50) a I'echangeur de chaleur (1 54) de refroidisse- 



10 



19 



EP 0 457 399 B1 



ment et a renvoyer le fluide refrigerant vers le com- 
presseur (1 50) afin que I'air chasse par le ventilateur 
(137) soit refroidi par le fluide refrigerant. 

1 3. Systeme de production simultan6e selon Tune quel- 5 
conque des revendications precedentes, compre- 
nant en outre un dispositif destine utiliser le liquide 

de refroidissement pour le chauffage d'un espace. 

14. Systeme de production simultanee selon Tune quel- to 
conque des revendications precedentes, dans 
lequel le liquide de refroidissement est I'eau, et I'eau 

est utilis6e comme eau chaude. 

1 5. Systeme de production simultanee selon Tune quel- is 
conque des revendications precedentes, dans 
lequel le liquide de refroidissement, lorsqu'il sort du 
moteur (10), a une temperature moyenne d'environ 

80 °C. 

20 

16. Systeme de production simultanee selon Tune quel- 
conque des revendications precedentes, dans 
lequel le moteur (10) poss6de en outre au moins un 
empilement (1 5) de transfert de chaleur comprenant 

un refroidisseur (16), un regenerates (18) et un 25 
echangeur de chaleur (20), et un organe (40) de 
combustion interne de combustible, I'organe (40) de 
combustion interne de combustible est destine a 
chauffer I'echangeur de chaleur (20), un gaz de tra- 
vail place dans la pile (15) de transfert de chaleur, 30 
un dispositif destine a deplacer le gaz entre I'echan- 
geur de chaleur (20) et le refroidisseur (16) par 
I'intermediaire du reg6n6rateur (18), et un dispositif 
de refroidissement du refroidisseur afin que la diffe- 
rence de temperature entre le refroidisseur (16) et 35 
rechangeur de chaleur (20) soit maintenue pour le 
fonctionnement du moteur de Stirling (10). 
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